I. INTRODUCTION
Due to the emergence of modern modulation that modulate amplitude, or amplitude and phase, the increase in the requirements for the power amplifier linearity of transceiver devices has resulted in the need to create methods for linearity path improvement. The degree of the third order intermodulation products suppression is the most important as far as their frequencies are close to the desired signal frequencies.
Apart from the power amplifier linearity, the efficiency is important for mobile wireless devices since it directly affects the single charge operation time of a device. cartrsian feedback, which does not require high-performance processors and is highly effective in intermodulation products suppression, allows these requirements to be satisfied.
The effectiveness of the cartesian feedback is greatly influenced by the loop phase match [1] , but it is equally important to assess the phase error influence in local oscillator quadrature formation as long as the use of sinusoidal signal for integral balance mixers allows a cleaner spectrum to be obtained [2] .
II. THERORY
In order to assess the influence of the local oscillator quadrature phase error, an amplitude modulation with a single sideband and carrier suppression can be used since the signal spectrum in this case is the simplest one, so it will not be difficult to estimate changes. Moreover, the main processes with the spectrum components in this model are valid for more complex spectra of other modulation types.
The process of modulation with balance mixers without regard to their non-linearity may be described by the expression: where I and Q are the quadratures of the modulating signal, Ω is the frequency of the modulating signal, ω is the frequency of the local oscillator.
The dependence of the second sideband level on the phase error is shown in Fig. 1 (4) where A is the transfer factor of the scaling amplifier after the coupler, I'(t) and Q'(t) are demodulated quadratures. A model created in the MatLab environment is used for simulation of the system operation if a phase error occurs. The model is shown in Fig. 3 .
The model consists of four modulating signal sources, I and Q components with frequencies of 10 and 15 kHz of the same level. The signals arrive at the adders, after that the accumulated signals arrive at the substracter to detect an error signal. With the selected signal frequencies intermodulation products of the third order will differ from a desired signal by 5 kHz. The applied multipliers and adders are the linear elements to avoid the impact of their non-linearity on the result of the phase error impact assessment.
The model of the non-linear power amplifier is a unit with a characteristic being approximated by the third order polynomial:
The amplitude response of the power amplifier model is shown in Fig. 2 . The simulation uses an approximation that does not take into account strong non-linear effects, such as signal limitation caused by saturation or cut-off of the amplifier element current. In this case the level of the first signal harmonic does not step up with the input signal level increase, this resulting in impossibility to obtain the required predistortion signal in the loop [3] . As far as the model does not take into account the signal propagation delay in blocks and joints, the phase adjustment in the loop is not applied. To adjust the levels ideal amplifiers are used, and the transfer factors are chosen for the maximum suppression of the third order intermodulation products, the stability of the system being sustained.
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14 Nov-16 Nov 2017 The down-conversion is performed by Mixer3 and Mixer4, and then the signal arrives at a low pass filter (LPF). LPFs of 100 kHz cut-off frequency are implemented without an analog prototype to obtain a zero phase shift in the filter band pass, i. e. in the loop working frequency range.
III. SIMULATION RESULTS
With the open loop the level of the intermodulation products is -19dB relative to the useful signal level. The spectrum of the output radio frequency signal is shown in Fig. 4 . After the loop having been closed, it is necessary to achieve the highest operational efficiency by modifying the scaling amplifier gain. However, ideal phase characteristics of blocks used in the model do not prevent from selfexcitation of the system under excessively high loop gain. The output spectrum in a closed loop with an optimum gain and no errors is shown in Fig. 5 . Fig. 5 shows that the level of the third order intermodulation products decreases to the level of -32 dB under the desired signal of -10 dB, thus the suppression of intermodulations is 13 dB. Also due to the ideality of the models the levels of parasitic components, such as the carrier and the second sideband, have extremely small values. After the in-phase and quadrature loop optimal performance being established, the influence of the local oscillator phase error can be simulated.
As it was shown above, the increase of the phase error in expression (2) results in the second sideband level increase as well as in the phase shift of the output signal. In its turn, it can lead to a phase mismatch in the loop and deterioration in intermodulation products suppression effectiveness. Fig. 6 represents the output signal spectrum with the value of local oscillator quadrature phase error of 5 degree. As a result there are upper sideband components of the output spectrum having the level of -33.6 dB relative to the desired signal and the level of the third order intermodulation products increases by 0.2 dB. Hence, it may be concluded
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that a small phase error does not result in the decrease of system operational efficiency in intermodulation suppression, but it leads to the upper sideband emergence in the signal spectrum, this sideband also being poorly filtered. To construct the empirical dependence of the upper sideband level and the level of intermodulation products on the value of the phase error, several modeling iterations should be performed, an angular variation being within the range of 0 to 15 degrees. The resulting dependencies are shown in Fig. 7 . -4.57
IV. CONCLUSIONS
As a simulation result of the intermodulation products level, with the phase error increase in the output spectrum, the components corresponding to the upper sideband appear, but if the error is less than 15 degrees inclusive, it retains the value of -32 dB, which is equal to the level without error. A major contribution to the parasitic components level in the case of a phase error is made by the upper sideband level, which is -13 dB with the greatest simulated phase error. It should be emphasized that at the phase error value of 1.65 degree, the levels of intermodulation products and of the upper sideband are equal. For the maximum theoretically possible suppression of intermodulations for an cartesian loop, the value of the phase error is 0.75 degree, the levels of the given parasitic components being equal. Table 1 .
The results of the upper sideband comparison for the closed and open loop shown in Table 1 demonstrate that the in-phase and quadrature loop reduces the level of the upper sideband by -10 dB as an average under simulated phase error values. Thus, by increasing the path linearity, using inphase and quadrature loop, non-linearity of mixers can be compensated as well as of other blocks that cause undesirable sidebands in the output spectrum, and this allows the quadratures with an error of 0.75...1.65 dergees to be used without deterioration of the output radio-frequency signal since their level will be lower than the level of the third order intermodulations.
